Background. Worldwide, indigenous populations appear to be at increased risk for invasive group A streptococcal (iGAS) infections. Although there is empirical evidence that the burden of iGAS disease is significant among remote First Nations communities in Northwestern Ontario, Canada, the epidemiology of iGAS infections in the area remains poorly characterized.
hospital electronic laboratory archives. Possible iGAS cases were identified if (1) the isolate was recovered from a normally sterile site (defined below), (2) the patient was admitted to hospital, or (3) the specimen was obtained in the operating room. Chart reviews were completed on all possible cases to determine whether patients met the Ontario Provincial Case Definition for iGAS [8] . The case definition included GAS isolated from normally sterile sites (blood, joint [excluding bursa], cerebrospinal, pleural, peritoneal, pericardial, and deep tissue/abscess specimens obtained during surgery) or GAS isolated from a nonsterile site with evidence of clinical severity (toxic shock syndrome, necrotizing fasciitis, pyomyositis, gangrene, meningitis, GAS pneumonia, or death directly attributed to iGAS).
In order to capture iGAS cases transferred directly from Sioux Lookout to Thunder Bay, cases reported to Thunder Bay District Health Unit (TBDHU) with a primary residence from one of the 26 communities were identified. As one of 36 public health units in Ontario, TBDHU has undertaken active surveillance for iGAS since an outbreak of emm59 iGAS in 2008 [9] . Duplicates of cases already identified through SLMHC were removed. Details on cases transferred directly to Winnipeg were unavailable.
Information collected by chart review included basic demographics, specimen details, clinical severity, comorbidities, risk factors, and antibiotic sensitivity profiles. Streptococcal toxic shock syndrome was defined as previously described [10] . History of skin condition included chronic dermatitis/wound causing breaks in skin integrity. Cases identified as nosocomial were excluded. In addition, the number of throat and wound swabs that yielded GAS and were submitted to SLMHC from the 26 communities was obtained for each year of the study. Crude incidence (removing duplicate isolates occurring within a 14-day period) and temporal trends of positive throat and wound swabs were assessed. The emm types of isolates from confirmed iGAS cases were determined through traditional Sanger sequencing using previously described primers and conditions [11] .
Data were stored within Excel (Microsoft Office 2010; Microsoft, Redmond, WA) and analyzed using SPSS version 21 (IBM, Armank, NY). Basic descriptive statistics were completed with confidence intervals (CIs) where appropriate. Denominator data for the 26 communities were obtained from First Nations Inuit Health Branch, extracted from the Indian Registry System. Overall incidence was determined from an average of the crude rates each year and calculated per 100 000 population. Ethics approval was obtained through the SLMHC Research Review and Ethics Committee as well as the Research Ethics Board from the University of Toronto, Canada.
RESULTS
Overall, 6674 specimens processed between 2009 and 2014 yielded GAS, and 65 cases of iGAS disease were identified. The number of cases per year ranged from 9 to 18. The annualized incidence of iGAS was 56.2 per 100 000 (95% CI, 35.4-76.9). The mean age of cases was 40 years, with a range of <1 to 87 years. There was a bimodal distribution of age-specific incidence with peaks in the 0-19 and 40-59 age groups (Figure 1 ). Eleven cases (17%) occurred among infants less than 1 year of age.
The majority of iGAS cases occurred during the months of October to March; however, there was no statistically significant seasonal trend (Figure 2 ). The annual proportion of wound swabs positive for GAS ranged from 40% to 48%. The average annual rate of wound swabs positive for GAS was 61 episodes per 1000 population. Rates increased between 2009 and 2013 and decreased in 2014. The average annual rate of throat swabs positive for GAS was 46.6 episodes per 1000 population. Rates increased between 2010 and 2014. Wound swabs positive for GAS were more prevalent during the summer months, whereas GAS-positive throat swabs did not demonstrate a seasonal trend. There was no detectable association between trends of iGAS incidence and either positive wound swab or positive throat swab rates. The 2 most common comorbidities identified were diabetes mellitus (38.5%) and skin conditions (38.5%) ( Table 1 ). The most prominent other potential risk factor was alcohol dependence (25%). There was significant overlap in underlying conditions: among the 25 patients with underlying diabetes, 10 had skin conditions, 3 had alcohol dependence, and 2 had both skin conditions and alcohol dependence. Seven of 16 persons with alcohol dependence also had skin conditions, and 5 of 7 persons reporting intravenous drug use were also dependent on alcohol.
Overall, 49 (75.4%) cases had positive blood cultures; among the 13 with blood cultures that were negative or not done, 9 (13.8%) had positive deep tissue/abscess specimens (taken aseptically in the operating room), 5 (7.7%) had positive synovial fluid, and 1 (1.5%) had positive peritoneal fluid cultures. One case had a nonsterile specimen positive for GAS with evidence of clinical severity. Primary bacteremia was present in 17 (26.2%) cases (Table 2 ); 1 postpartum bacteremia was identified. Cellulitis was identified at the time of presentation in 36 (55.4%) cases, and septic arthritis was present in 6 (9.2%) cases. Streptococcal toxic shock syndrome and necrotizing fasciitis each occurred in 6 (9.2%) cases, and the crude 28-day case-fatality rate for all iGAS was 6.2%. No cases of nosocomial infection were identified.
Antibiotic susceptibility profiles were available for 59 isolates. All isolates were sensitive to penicillin. Sixteen isolates (24.6%) were resistant to both erythromycin and clindamycin. Of the 65 iGAS cases, 46 isolates were available for emm typing. Among these, 14 different emm types were identified ( Table 3 ). The most common emm types were emm114 (17.4%), emm11 (15.2%), emm118 (13.0%), emm68 (10.9%), and emm82 (10.9%). emm type variability over time was observed. Of the 16 isolates demonstrating resistance to erythromycin and clindamycin, 7 were identified as emm11 and 5 were identified as emm114. The cases associated with these isolates were from different communities and temporally unrelated.
DISCUSSION
The incidence of iGAS in Canada increased significantly over the last decade (from 2.81 to 4.03 per 100 000 between 2000 and 2009) [12] . In 2013, the Canadian and Ontario rates for Underhoused/homeless/living in shelter system 5 (7.7)
Varicella within the previous month 1 (1.5) Abbreviations: GAS, group A streptococcal; iGAS, invasive group A streptococcal. *Patients must move from their rural or remote community to a larger center (primarily Thunder Bay) to receive hemodialysis. Only peritoneal dialysis is available at community level.
iGAS were 4.72 and 4.6 per 100 000 population, respectively [12, 13] . In contrast, the crude incidence rate of iGAS calculated in this study among 26 rural and remote First Nations communities in Northwestern Ontario between 2009 and 2014 was more than 10 times higher at a rate of 56.2 per 100 000 population. Although significantly higher than the incidence of iGAS among indigenous peoples in Northern Canada (2.25-20.44 per 100 000 population) [2] , it is comparable to indigenous populations in Australia and New Zealand [3, 4, 14, 15] . High prevalence of substance use has been thought to be a contributing factor to overall higher rates of iGAS in Northwestern Ontario [9] . The high burden of substance use among indigenous peoples in Canada is recognized nationally as a legacy of historical assimilation policies, multigenerational trauma, and systemic racism [16] . The prevalence of alcohol dependence among iGAS cases in this study (25%) was consistent with iGAS epidemiology for both indigenous and non-indigenous populations in Northern Australia [17] . Prescription drug abuse, particularly injection drug use (IDU), is a significant issue facing many of the communities included in this study [18, 19] . However, only 12.3% of cases in this study were identified as having a history of IDU. Although it is likely underreported, this proportion is consistent with iGAS epidemiology reported in non-indigenous populations [20] [21] [22] .
Diabetes and skin conditions were found to be common comorbidities among iGAS cases in this review. The prevalence of diabetes among First Nations in Canada is disproportionately high compared with the non-indigenous population [23] . Given the increased risk of iGAS associated with underlying diabetes, this contributes to increased risk for First Nation communities [24] .
In addition, high prevalence of skin conditions such as eczema and impetigo has been observed in many remote First Nations communities [25] . It has been hypothesized in Northern Australia that a major risk factor for GAS bacteremia in Aboriginal people is exposure to an overall high burden of GAS infections, primarily skin infections such as impetigo and pyoderma [3, 26] . These populations also experience high prevalence of nonsuppurative sequelae to GAS infection including acute rheumatic fever and poststreptococcal glomerulonephritis [27, 28] . Although largely eliminated from Canada, rheumatic fever in First Nations communities in Northwestern Ontario has been documented at rates consistent with Northern Australia (21.3 and 26 per 100 000, respectively) [29] . In Australia, the burden of GAS associated with skin and soft-tissue infections has been primarily related to inadequate and overcrowded housing [30, 31] . Disparities in the social determinants of health, including inadequate and overcrowded housing, are well documented public health issues facing First Nations communities in Northwestern Ontario [32] [33] [34] .
The proportion of iGAS isolates that demonstrated resistance to erythromycin (24.6%) and clindamycin (24.6%) was higher than reported in other regions in Canada. A recent analysis of iGAS cases from Peel and Toronto regions in Ontario demonstrated an increase in erythromycin resistance from 2.2% in 1992-1995 to 19.5% in 2008-2010 and then to 7.5% in 2013 [35] . A 2011 publication from the Canadian province of British Columbia reported resistance in all GAS isolates in 2011 to be 14.5% and 11.9% for erythromycin and clindamycin, respectively [36] .
LIMITATIONS
Data from Winnipeg could not be accessed; therefore, our data likely underestimates iGAS infection acquired in some communities. Given the small population size and reported case numbers, rates should be interpreted with caution. Risk factors were self-identified in patient charts and may therefore be underestimated. Community population statistics from the Indian Registry System relies on individuals to register for "Indian status" and may thus underrepresent the true population of communities, which would result in an overestimation of iGAS rates.
CONCLUSIONS
More than 200 different GAS emm types have been reported worldwide [37] . The most common emm types identified in the present investigation belong to the so-called skin (eg, emm83, emm101) and generalist (eg, emm68, emm82, emm87, emm114) emm types with only a few strains belonging to emm types with tropism for throat (eg, emm1) [38] . This is similar to the epidemiology of iGAS cases in nearby Thunder Bay region but differs from the remainder of Ontario [9, 13] . This variation in emm type distribution has important vaccine implications. A 30-valent M-protein vaccine for GAS began clinical trials in Canada and the United States in September 2015. Although this new vaccine is reported to account for greater than 90% and 78% of invasive disease serotypes in the United States and Europe, respectively, only 70% of the emm types identified in this population are covered. The diversity of strains and rapid serotype replacement observed in Northwestern Ontario may mean that the vaccine will offer reduced protection in a population that experiences a disproportionate burden of severe disease [39, 40] .
